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PREFACE 
The issue of carbon use and possible associated climatic 
change has received growing attention in the last few years as 
an important aspect of assessing the impacts of various energy 
options. At IIASA that attention has been reflected in the En- 
ergy Systems Program and in the Global Climate Task of the Re- 
sources and Environment (REN) Area. As explained in this paper, 
the problem of climatic change can be viewed both as a problem 
of societal risk management and as a problem in strategic gaming 
behavior of the various decision makers involved. It is natural, 
then, that a joint working group at IIASA has formed, quite 
spontaneously, from representatives of the IIASA climate task 
(REN), the IIASA risk management project (Management and Tech- 
nology Area, MMT), and the IIASA gaming project (MMT and Systems 
and Decision Sciences Area, SDS). This research group benefits 
from the multidisciplinary character of IIASA, which, along with 
its neutral scientific stance and long-standing interest in 
climate and energy, puts IIASA in an excellent position to in- 
crease our understanding of the problem of carbon use and climat- 
ic change. A list of IIASA papers and publications relating to 
climate is included here. 
This paper describes an effort which began in March of 1980 
and is expected to continue for another year or more. The paper 
consists primarily of material developed for a research proposal 
intended to assure continuation of the project. Two other working 
papers describing the project are also available. The paper en- 
titled "An ~nteractive Model for Determining Coal Costs for a 
C02-Game" (WP-80-154) describes in more detail the logic and a 
possible framework for parts of the proposed computer game. The 
paper "C02: An Introduction and Possible Board Game" (WP-80-153) 
offers a non-technical sketch of the question and a description 
of the second proposed game. The development of the carbon and 
climate games described in these papers is being carried out at 
IIASA, while the actual gaming experiments are expected to take 
place both at IIASA and at other locations convenient for inter- 
ested groups. 
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CARBON AND CLIMATE GAMING 
J .  Ausubel ,  J .  L a t h r o p ,  I .  ~ t g h l ,  and J. Robinson 
The Problem 
There  are growing c o n c e r n s  t h a t  human a c t i v i t i e s  nay l e a d  
t o  g l o b a l  c l i m a t i c  changes .  P a r t i c u l a r  c o n c e r n  is  a s s o c i a t e d  
w i t h  t h e  r e l e a s e  o f  c a r b o n  d i o x i d e  i n t o  t h e  a tmosphere ,  i n  t h e  
f u t u r e  above a l l  from t h e  b u r n i n g  o f  c o a l .  The q u e s t i o n  o f  
ca rbon  d i o x i d e  and cl imat ic  change  i s  a complex o n e ,  d i s t i n -  
g u i s h e d  by s e v e r a l  key f e a t u r e s :  
-- E x p l o i t a t i o n  o f  common r e s o u r c e s .  I t  is  a t r a g e d y  o f  
t h e  commons problem where t h e  common r e s o u r c e s  are t h e  
climate and t h e  c a p a c i t y  o f  t h e  a tmosphere  f o r  w a s t e  
d i s p o s a l .  I t  i s  t o  t h e  s h o r t - r u n ,  i n d i v i d u a l  g a i n  o f  
a c o u n t r y  t o  burn  ca rbon  and release C02 t o  t h e  atmo- 
s p h e r e .  Y e t ,  i f  many c o u n t r i e s  burn  l a r g e  amounts,  a 
d r a s t i c  c l i m a t i c  s h i f t  may r e s u l t .  
-- Larqe u n c e r t a i n t y .  The c u r r e n t  s t a t e  o f  s c i e n t i f i c  
knowledge is  such  t h a t  no one  knows f o r  s u r e  what t h e  
p h y s i c a l  o r  s o c i e t a l  e f f e c t s  o f  r e l e a s i n g  l a r g e  amounts 
o f  C02 a r e .  Such a r e l e a s e  c o u l d  b e  a  human and f i n a n -  
c i a l  d i s a s t e r ,  it c o u l d  be  b e n e f i c i a l ,  o r  it c o u l d  be  
a  m i x t u r e  o f  bo th .  
-- Large d e l a y s  and i r r e v e r s i b l e  e f f e c t s .  I m p o r t a n t  
u n c e r t a i n t i e s  c o u l d  b e  r e s o l v e d ,  g i v e n  enough t i m e ,  b u t  
t h e  e n v i r o n m e n t a l  e f f e c t s  o f  e n e r g y  p o l i c y  d e c i s i o n s  
made i n  t h e  8 0 ' s  may n o t  be  u n d e r s t o o d  u n t i l  l a t e r ,  
when it may b e  much more c o s t l y  o r  i m p o s s i b l e  t o  r e v e r s e  
t h o s e  e f f e c t s  t o  t h e  e x t e n t  t h a t  t h e y  t u r n  o u t  t o  be  
adverse. Yet there could be tremendous social and 
financial costs involved in delaying, for example, in- 
creased coal use until C02 effects are better understood. 
In fact, it may be the case that the effects cannot be 
adequately understood without actually releasing the C02. 
-- Multidisciplinary research needs. Relevant study ranges 
from basic geophysics to applied economics. 
The Obiectives of the Gamina 
It is desirable to have an overall systems analysis which 
integrates and displays in a meaningful way the numerous aspects 
of the problem of carbon dioxide and climatic change. There are 
several reasons to believe that a gaming approach to such an 
analysis, by capturing the uncertainties in the issue and its 
strategic and behavioral aspects, will accomplish this better 
than other methods. Research is needed to collect and present 
estimates of carbon wealth, coal extraction costs, and informa- 
tion on the possible effects of climatic change, and synthesize 
this information through a game format. Two prototype games are 
envisioned. These might be developed and tested with scientists 
and representatives of government and industry. Playing of the 
games and their documentation and evaluation could serve to in- 
form researchers and others concerned about the C02 issue as to 
the overall character of the problem. It could also help estab- 
lish priorities for future research on climate and C02 by better 
defining plausible scenarios regarding future C02 emissions and 
societal responses to increasing atmospheric C02 levels and asso- 
ciated environmental change. 
THE C02 QUESTION AND IDENTIFICATION OF RESEAP-CH NEEDS 
In the last decade the possibility that a variety of human 
activities may be responsible for future long-term shifts in the 
climate has become increasinqly prominent. Using the atmosphere 
on a massive scale as a receptacle for waste, for example, for 
oxides of nitrogen, chlorofluorocarbons, and carbon dioxide seems 
particularly likely to have serious consequences for the climate 
and thus for our economy and the environment. At the moment our 
most uneasy state of blended interest, uncertainty, and apprehen- 
sion exists with respect to carbon dicxide. The earth harbors 
enormous reservoirs of carbon in the forms of biomass, oil, gas, 
and especially coal. As these are burned, primarily to produce 
energy for human uses, their carbon content is released for 
disposal into the atmosphere, oceans, and biosphere. The appar- 
ent inevitability of the exploitation of the earth's carbon wealth 
and concomitant transfer of huge volumes of carbon dioxide to the 
atmosphere pose important questions for policy toward resource 
development. 
This situation has been recognized at high levels of govern- 
ment. For example, the Declaration of the Summit Conference of 
the Heads of State of Canada, the Federal Republic of Germany, 
France, Italy, Japan, the United Kingdom, and the United States 
held in Tokyo in June 1979 included the following statenents: 
"We pledge our countries to increase as far as 
possible coal use, production, and trade, without 
damage to the environment .... 
We need to expand alternative sources of energy, 
especially those which will help to prevent further 
pollution, particularly increases of carbon dioxide 
and sulphur oxides in the atmosphere." 
Political and economic decisions (for example, with regard to 
synthetic fuels) and scientific findings during the past year 
have reiterated the need to improve our understanding of the 
C02 question and its policy implications. 
This need for improving our understanding of the C02 question 
stems more specifically from the great uncertainty that prevails 
in many areas of research related to C02 and climate. Among 
others, one may mention uncertainties wlth respect to 
-- present and future rates of introduction of C02 into 
the atmosphere from fossil fuel combustion, deforesta- 
tion, and changing land use practices; 
-- the global carbon cycle, and prediction of levels of 
C02 remaining in the atmosphere for various scenarios 
of input; 
-- the timing and geographical distribution of climatic 
changes due to increased atmospheric C02-levels; 
-- the effects of climatic changes and increased C02 levels 
on the environment and human activities, in particular, 
agricultural production; 
-- the political responses to possible climatic effects, 
especially in regard to North-South relations7 
-- the possibility of measures being taken on a national 
or international scale for prevention of emissions or 
compensation for emissions once they have taken place; 
-- the comparative evaluation of risks from various energy 
sources. 
Research is now underway on most of these problems; for example, 
there is extensive research with general circulation models to 
explore the sensitivity and predictability of the atmosphere. 
There are, however, reasons to believe that the research 
underway might not be sufficient. In particular, there appears 
to be a need for an overall systems treatment of the C02 question, 
one which incorporates explicitly the uncertainty of information 
and the political choices in a situation with a multitude of 
countries pursuing independent energy strategies. While from the 
p o i n t  o f  view o f  d e c i s i o n s  a b o u t  i n d u s t r i a l  development ,  it 
a p p e a r s  p o s s i b l e  t o  w a i t  t h e  5 o r  1 0  y e a r s  which some r e s e a r c h e r s  
mention a s  t h e  t i m e  n e c e s s a r y  t o  a c h i e v e  a good i n t e g r a t e d  t r e a t -  
ment o f  t h e  C02 q u e s t i o n ,  t h e r e  a r e  a l s o  s t r o n g  r e a s o n s  t o  under-  
t a k e  p r e l i m i n a r y  e f f o r t s  a t  t h i s  t i m e ,  even b e f o r e  a d d i t i o n a l  
d e t a i l e d  r e s u l t s  a b o u t  v a r i o u s  a s p e c t s  o f  t h e  problem become 
a v a i l a b l e .  
A t  t h e  most q e n e r a l  l e v e l ,  it must b e  r e c o g n i z e d  t h a t  it i s  
by no means c e r t a i n  t h a t  i n d i v i d u a l  u n c e r t a i n t i e s  w i l l  b e  r e s o l v e d  
w i t h i n  t h e  n e x t  d e c a d e s .  F o r  example,  c o n s i d e r a b l e  u n c e r t a i n t y  
i s  l i k e l y  t o  remain  r e g a r d i n g  how accumula ted  C02 e m i s s i o n s  and 
climatic change  w i l l  a f f e c t  w e l l - b e i n g  i n  v a r i o u s  c o u n t r i e s .  I t  
i s  q u i t e  p o s s i b l e  t h a t  p a r t  o f  t h i s  u n c e r t a i n t y  w i l l  b e  r e s o l v e d  
f i r s t  when t h e  e f f e c t s  are d i . r e c t l y  f e l t .  I t  migh t  t h e n ,  due  t o  
i r r e v e r s i b l e  e f f e c t s  o f  C02 e m i s s i o n s ,  b e  i m p o s s i b l e  t o  carry o u t  
p o l i c i e s  t o  remedy some o f  t h e  problems c r e a t e d  by t h e  e m i s s i o n s .  
By t h e  t i m e  c e r t a i n t y  n e a r s ,  a d a p t a t i o n  c o u l d  w e l l  b e  t h e  o n l y  
o p t i o n  l e f t .  
I f  s o c i e t i e s  d e c i d e  t o  t r y  t o  p r e v e n t  o r  p h y s i c a l l y  compen- 
s a t e  f o r  C02-induced c l i m a t i c  change ,  it i s  q u i t e  l i k e l y  t h a t  
t h i s  must b e g i n  w e l l  b e f o r e  t h e r e  a r e  c l e a r  "ca rbon  d i o x i d e  s i g -  
n a l s "  i n  t h e  c l i m a t e .  T h a t  i s ,  d e c i s i o n s  a b o u t  c l i m a t i c  change 
w i l l  have t o  b e  made under  g r e a t  u n c e r t a i n t y ,  whe the r  i n  t h i s  
decade  o r  i n  f o l l o w i n g  o n e s .  W e  w i l l  l e a r n  f a s t e r  a s  t h e  prob-  
l e m  looms l a r g e r ,  b u t  it i s  n o t  c l e a r  how much w e  w i l l  l e a r n .  
W e  c a n n o t  b e  c o n f i d e n t  t h a t  t h e r e  w i l l  b e  some d e f i n i t i v e  set  o f  
i n f o r m a t i o n  t e n  y e a r s  f rom now, s o  w e  need t o  s e e k  i n n o v a t i v e  
ways f o r  s o c i e t i e s  t o  a s s e s s  t h e  problem. I n  f a c t ,  b e c a u s e  t h e r e  
w i l l  a l m o s t  c e r t a i n l y  n o t  b e  a d e f i n i t i v e  r e s u l t  t o  r e s e a r c h  on 
t h e  C 0 2  q u e s t i o n ,  it i s  i m p o r t a n t  t o  b e g i n  t o  d e v e l o p  d e c i s i o n -  
making a i d s  which do  n o t  depend on s e c u r e  f i n d i n g s  b u t  r a t h e r  
s u p p o r t  d e c i s i o n s  t h a t  must b e  made i n  t h e  f a c e  o f  ex t r eme  un- 
c e r t a i n t y .  
I t  s h o u l d  b e  n o t e d  f u r t h e r  t h a t  t h e r e  is  an  i s s u e  a b o u t  t h e  
e f f e c t  t h a t  t h e  u n c e r t a i n t i e s  nay  have  on t h e  a c t i o n s  o f  v a r i o u s  
p o l i c y  b o d i e s .  A p a r t i c u l a r  problem may a r i s e  i n  t h e  dynamics 
o f  t h e  r e a c t i o n  o f  t h e  p o l i t i c a l  p r o c e s s  t o  new t e c h n i c a l  i n f o r -  
ma t ion .  I t  seems q u i t e  l i k e l y  t h a t  d u r i n g  t h e  n e x t  d e c a d e s  t h e r e  
w i l l  b e  d i f f e r e n t  r e s e a r c h  r e p o r t s  a t  d i f f e r e n t  t i m e s  w i t h  d i f -  
f e r e n t  main c o n c l u s i o n s ,  sometimes s t r e s s i n g  t h e  d a n g e r  o f  C 0 2 ,  
sometimes p l a y i n g  it down. Too o p t i m i s t i c  f o r e c a s t s  a b o u t  C 0 2  
e m i s s i o n  e f f e c t s  might  encourage  e x c e s s i v e l y  l a r g e  e m i s s i o n s ,  
w h i l e  t o o  p e s s i m i s t i c  f o r e c a s t s  migh t  p o s s i b l y  p u t  an  u m o t i v a t e d  
h i n d r a n c e  on a n  e c o n o m i c a l l y  r a t i o n a l  u s e  o f  t h e  w o r l d ' s  l a r g e  
c o a l  r e s o u r c e s .  Thus,  it i s  d e s i r a b l e  t o  d e v e l o p  methods o f  
a s s e s s m e n t  which a l l o w  p e o p l e  t o  e x p e r i e n c e  r e s p o n d i n g  t o  t h e  
problem and which can  f a m i l i a r i z e  them w i t h  t h e  s e v e r a l  s ta tes  
o f  n a t u r e  which may o c c u r ,  b e f o r e  real  c h o i c e s  must  b e  made. 
Even i f  one  b e l i e v e s  t h a t  climate r e s e a r c h  w i l l  r e s o l v e  t h e  
ma jo r  p o r t i o n  o f  u n c e r t a i n t i e s  w i t h i n  t h e  n e x t  d e c a d e s ,  it would 
s t i l l  b e  d e s i r a b l e  t o  o b t a i n  a b e t t e r  o v e r a l l  sys t ems  view o f  t h e  
C02 problem w i t h i n  t h e  n e x t  few y e a r s .  Such s y s t e m s  s t u d i e s  are 
desirable for several reasons. First, they could possibly improve 
future research by helping put in focus the most critical issues, 
so that the uncertainties in these areas may be researched with 
a higher priority. Furthermore, there will most probably be a 
lag between the time when better information about the effects 
of C02 is available and the time when political bodies can act 
on this information. This time lag could be reduced, however, 
by prior efforts to inform both political decision-makers and the 
larger interested community about the general nature of the C02 
problem. These information efforts should come at an early date, 
in an atmosphere which encourages responsible consideration, 
rather than polarization and alarm. 
Finally, there is, as mentioned, a need for studying expli- 
citly the geopolitical and strategic aspects of the C02 problem. 
This can be accomplished by viewing the problem as an international 
game situation. This game situation arises as follows. The com- 
bustion of carbon, in the future mostly from burning of coal, has 
a positive influence, at least in the short term, on the welfare 
of a country. It will, by increasing the total C02 content of 
the atmosphere, probably change the global climate, and hence 
could negatively affect the long-term welfare of many countries. 
Some countries might be better off from such a climatic change. 
This situation is a form of "The Tragedy of the Commons,"* with 
many countries pursuing national energy policies which involve 
free use of the atmosphere for waste disposal, until potentially 
severe climatic changes result. How likely is it that there will 
be the kind of cooperation which will allow nations to avoid pur- 
suing possibly short-sighted policies which may lead to a common 
long-term disaster? Most research on carbon dioxide and climatic 
change is looking at specific physical aspects of the question 
and not exploring this crucial issue. 
THE GAMING APPROACH 
We have argued the need for studies of the C02.problem which 
are more holistic a.nd which focus on international lnterdependence 
and the problem of uncertainty, with the uncertainty possibly 
being resolved slowly and in an irregular fashion. The kinds of 
questions one wants to ask in such studies are, of course, exceed- 
ingly difficult to answer, and certain commonly used methods 
appear unsuitable for such an effort. For example, economic 
models of the general equilibrium type, assuming pure competition, 
fail to incorporate the strategic aspects of the situation. 
Ordinary simulation, with only the researcher interacting with 
the computer, has the great drawback that it presupposes that 
one already has answers to the most difficult questions regarding 
the functionina of the system, namely the behavior and the ex- 
pectations of the players. 
*Garret Hardin. 1968. "The Tragedy of the Commons," Science 
162:1243-1248. 
Although game theory, the purely theoretical mathematical 
analysis of gane situations, deals explicitly with the strategic 
aspects of a situation, it is not very useful for analysis of the 
C02 problem as outlined. Such analysis relies on either "cooper- 
ative game theory," which gives the answer that cooperation will 
follow, or "non-cooperative game theory," which in our case would 
find that massive increases of C02 will not be prevented. The 
presence of "players" of different sizes in the creation of C02 
emissions, incomplete and changing information, and long time 
delays between actions and effects create a problem of far greater 
complexity than can be handled by ordinary game theoretic n-odels. 
Due to the restrictions of other methods, we have turned to 
gaming, that is, the actual playing of games. Gaming is an inter- 
active simulation involving real human beings as the most impor- 
tant players, in this case facing and coming to decisions about 
various situations with respect to the carbon economy and conse- 
quent environmental change. Gaming offers the advantage from the 
point of view of research that one can obtain a broader spectrum 
of behavioral responses than a model builder can conveniently 
assume. Moreover, both the researchers and those who play the 
games can explore various scenarios in a flexible, non-deterministic 
manner. It is also important that gaming forces us as researchers 
to put the C02 problem into the decision maker's perspective. As 
analysts, we tend to see the problem in terms of probability dis- 
tributions over outcomes, gradually revealed states of nature, 
long-delayed feedback, irreversible costs, and so forth. The 
decision makers actually faced with C02 policy options, however, 
may view the problem very differently. The gaming approach forces 
us to consider the problem in terms of the observables available 
to the decision maker, the policy levers at his disposal, and the 
incentives he faces. 
TWO PROPOSED GmES 
While fruitful games of several different degrees of sophis- 
tication might be envisaged, we initially envision the develop- 
ment of two specific games: 
1 )  a simple board game 
2) a more elaborate computer game which will involve coal 
extraction and coal trade among many countries. 
The board game would primarily serve a pedagogical function: 
to demonstrate the characteristics of the overall systems aspects 
of the problem in an easily comprehensible format. The C02 issue 
is a complex one, where familiarity with a wide variety of infor- 
mation is desirable. As mentioned earlier there are uncertainties 
with respect to the carbon cycle and climate, strategies for pre- 
vention or compensation, effects on the economy, and so forth. 
There is also a wide range of possible events exogenous to the 
carbon cycle and climate which may dramatically shift the impor- 
tance of this particular issue. Finally, there is the difficulty 
t h a t  people  a r e  u n f a m i l i a r  o r  unaccustomed t o  t h e  u n i t s  o f  
measurement o f  t h e  C 0 2  i s s u e ;  peop le  u s u a l l y  t h i n k  i n  t e r m s  of 
b a r r e l s  of  o i l ,  n o t  g i g a t o n s  of  ca rbon ,  and i n  t i m e  ho r i zons  of  
a  few months o r  y e a r s ,  n o t  decades  and g e n e r a t i o n s .  
I t  i s  t h e  o b j e c t i v e  o f  t h e  work on t h e  board  game t o  produce 
an  e d u c a t i o n a l  d e v i c e  t h a t  cou ld  be d i s t r i b u t e d  on a  wide s c a l e .  
The game shou ld  be s imple  and s e l f - c o n t a i n e d ,  s o  t h a t  it can  be 
p l a y e d , w i t h o u t  p r o f e s s i o n a l  i n s t r u c t i o n ,  by many peop le .  I n  such 
a  way, a  board  game co u l d  a i d  i n  improving t h e  unde r s t and ing  o f  
t h e  many a s p e c t s  o f  t h e  C02 problem among concerned government 
and i n d u s t r y  g r o u p s ,  s t u d e n t s ,  and t h e  i n t e r e s t e d  p u b l i c .  The 
board  game w i l l  a l s o  g e n e r a t e  i n s i g h t s  which w i l l  be h e l p f u l  
f o r  t h e  development o f  t h e  more complex computer  game. 
Convent ional  a r t i c l e s  and l e c t u r e s  t e n d  t o  p r e s e n t  o n l y  pa r -  
t i a l  p i c t u r e s  of  t h e  CO q u e s t i o n ,  g e n e r a l l y  l i m i t e d  by d i s c i p l i n e  2 and f a i l i n g  t o  convey t e s t r a t e g i c  a s p e c t  o f  t h e  i s s u e  t o  t h e  
aud ience .  I n  c o n t r a s t ,  a  board  game may be  a  promis ing t e chn ique  
f o r  b r o a d l y  s t r u c t u r i n g  and i l l u s t r a t i n g  t h e  i s s u e .  I t  o f f e r s  
wide scope f o r  r e p r e s e n t a t i o n :  o f  emiss ions  of  C02; purchase  of  
a d a p t i v e ,  compensatory,  o r  p r e v e n t i v e  measures ;  v a r i o u s  r e s o l u t i o n s  
of  s c i e n t i f i c  u n c e r t a i n t i e s  abou t  t h e  ca rbon  c y c l e  and climate; 
p o s s i b l e  i n t e r v e n t i o n  of  f a c t o r s  exogenous t o  t h e  ca rbon  c y c l e  
and c l i m a t e ;  and e f f e c t s  on s o c i e t y  and economy. These v a r i o u s  
a s p e c t s  can  change and combine t o  produce d i f f e r e n t  s c e n a r i o s .  
The board  game w i l l  a l s o  h e l p  i n c r e a s e  unde r s t and ing  of  C02 a s  
a  p o t e n t i a l  "Tragedy of t h e  Commons" i n  which c e r t a i n  b e n e f i t s  
a r e  a s s o c i a t e d  w i t h  i n c r e a s i n g  use  o f  t h e  a tmosphe r i c  common f o r  
waste d i s p o s a l  w h i l e  p o t e n t i a l l y  n e g a t i v e  e f f e c t s  accumulate  and 
d i s t r i b u t e  themse lves  somewhat independen t ly  o f  t h o s e  who i n  a  
s e n s e  c a u se  them. 
The d e s i g n  o f  t h e  computer game w i l l  emphasize d i f f e r e n t  
purposes  t h a n  t h e  board  game. I n  t h i s  c a s e ,  t h e  e d u c a t i o n a l  aims 
a r e  secondary .  A t  leas t  i n  i t s  f i n a l  s t a q e s ,  t h e  computer game 
w i l l  be a r e s e a r c h  t o o l  i n t ended  t o  r a i s e  and t o  g i v e  some very  
p r e l i m i n a r y  answers t o  s p e c i f i c  q u e s t i o n s  abou t  t h e  C02 i s s u e .  
For example, w i l l  t h e  i n t e r a c t i o n s  of  t h e  d e c i s i o n  makers be such 
t h a t  p o t e n t i a l l y  t h r e a t e n i n g  l e v e l s  o f  C 0 2  w i l l  be  c r e a t e d ?  What 
range o f  amounts o f  accumulated C02 i s  l i k e l y  t o  r e s u l t  from t h e  
i n t e r a c t i o n s  o f  t h e  d e c i s i o n  makers? I f  c r e a t e d ,  what k ind  o f  a  
g l o b a l  ca rbon  ( c o a l )  market  does  a  C02 problem presuppose?  \ J i l l  
it be p o s s i b l e  f o r  t h e  b i g  coal -producing n a t i o n s  t o  form and 
e n f o r c e  some s o r t  o f  a  c a r t e l ?  W i l l  t h o s e  f avo red  by geograph ic  
endowment o r  t e c h n o l o g i c a l  c a p a b i l i t y  a c t  u n i l a t e r a l l y  t o  a c c e l -  
e r a t e  t h e  ca rbon  economy i n  a  p o t e n t i a l l y  dangerous way? W i l l  
t h o s e  who can n o t  e x p l o i t  t h e  c a p a c i t y  o f  t h e  atmosphere f o r  c a r -  
bon was te  d i s p o s a l  seek  t o  o b t a i n  r e n t  from t h o s e  who can?  W i l l  
t h e y  t r y  t o  f o r e s t a l l  u s e  of  t h e  r e sou rce  u n t i l  t h e y  can deve lop  
t h e i r  own e x p l o i t a t i o n  c a p a c i t y ?  A s  t h e  a tmospher ic  C02 c o n t e n t  
i n c r e a s e s ,  w i l l  t h e  i n t e r e s t  become s t r o n g e r  i n  c o n t r o l  s t r a t e g i e s  
and w i l l  s t r a t e g i e s  of r educ ing  carbon e x t r a c t i o n ,  t r a d e ,  o r  
e m i s s i o n s  be  p r e f e r r e d ?  An impor t an t  a u e s t i o n  i s  whether  t h e r e  
a r e  i n s t i t u t i o n a l  s c e n a r i o s  ( t r e a t i e s ,  c a r t e l s ,  and s o  f o r t h )  
which w i l l  h e l p  av o i d  t h e  "Tragedy of  t h e  Commons" outcome of  t h e  
C02 problem. 
Obvious ly  t h e  answers  t o  t h e s e  q u e s t i o n s  w i l l  b e  dependen t  
on t h e  s p e c i f i c  c h a r a c t e r  o f  t h e  game, i n c l u d i n g  t h e  d a t a  b a s e  
used .  However, t h e  game w i l l  be  o r i e n t e d  toward  i n d i c a t i n g  
what s c e n a r i o s  a r e  more l i k e l y  q i v e n  v a r i o u s  i n f o r m a t i o n  and 
i n s t i t u t i o n a l  a r r a n g e m e n t s .  The q u e s t i o n s  and  t h e  t e n t a t i v e  
answers  w i l l  b e  i n t e n d e d  ma in ly  t o  s e r v e  as a  b a s i s  f o r  f u t u r e  
d i s c u s s i o n s  b o t h  w i t h  r e g a r d  t o  what  k i n d  o f  r e s e a r c h  i s  most 
u r g e n t l y  needed and which outcome s c e n a r i o s  are a c c e p t a b l e  t o  
v a r i o u s  i n t e r e s t e d  g roups .  For  example,  what  a r e  a c c e p t a b l e  o u t -  
comes o f  t h e  C 0 2  i s s u e  f o r  t h e  US o r  t h e  N e t h e r l a n d s ,  and what  
s u i t a b l e  o b j e c t i v e s  f o r  t h e  coming decade  can  b e  deduced from them.? 
A s  mentioned e a r l i e r ,  t h e  computer  game w i l l  f o c u s  on c o a l ,  
t r a d e ,  and many c o u n t r i e s .  
Why Coal?  
The key long- te rm q u e s t i o n  i n  t h e  r e l e a s e  o f  c a r b o n  d i o x i d e  
is  t h e  b u r n i n g  of  c o a l ,  which i s  l i k e l y  t o  a c c o u n t  f o r  t w o - t h i r d s  
o r  more o f  t h e  e m i s s i o n s  i n  a  s c e n a r i o  o f  s e r i o u s  c l i m a t i c  change .  
I n  f a c t ,  p r e s e n t  e s t i m a t e s  o f  t o t a l  r e s o u r c e s  o f  o i l ,  g a s ,  c o a l ,  
and o t h e r  forms o f  c a r b o n  i n d i c a t e  t h a t  a t m o s p h e r i c  c a r b o n  d i o x i d e  
l e v e l s  r e g a r d e d  by some e x p e r t s  a s  c r i t i c a l  ( f o r  example ,  a  
d o u b l i n g  o f  t h e  p r e s e n t  l e v e l  w i t h i n  t h e  n e x t  c e n t u r y )  can  o n l y  
b e  r e a c h e d  by v e r y  s u b s t a n t i a l  b u r n i n g  o f  c o a l .  O t h e r  c a r b o n  
r e s o u r c e s  a r e  s imply  n o t  a v a i l a b l e  i n  l a r g e  enough q u a n t i t i e s .  
Because c o a l  p l a y s  t h i s  c r i t i c a l  r o l e  i n  t h e  C 0 2  i s s u e ,  it i s  
l o g i c a l  t o  b e g i n  game development  w i t h  emphas is  on c o a l .  
Why Trade?  
About 8 0 %  o f  t h e  c o a l  d e p o s i t s  o f  t h e  w o r l d  a r e  i n  t h e  hands  
o f  t h r e e  b i g  c o u n t r i e s  : t h e  USSR, t h e  USA, and China.  Thus,  i n  
d i s c u s s i n g  p o s s i b l y  dangerous  l e v e l s  o f  C 0 2 ,  one  can  c o n c l u d e  i n  
t h e o r y  t h a t  i f  t h e s e  t h r e e  l a r g e  p l a y e r s  do n o t  e x p o r t  any c o a l  
and  a l s o  keep  t h e i r  own c o a l  c x n b u s t i o n  low,  a  s e v e r e  C02 e m i s s i o n  
problem w i l l  n o t  a r i s e .  However, by f a r  t h e  l a r g e s t  p a r t  o f  
f u t u r e  p o t e n t i a l  c o a l  combust ion  l i e s  i n  t h e  w o r l d  o u t s i d e  o f  
t h e s e  t h r e e  p l a y e r s .  Much o f  t h i s  c o a l  would come from i m p o r t s  
o v e r  a  l o n g  p e r i o d  o f  t i m e .  Hence, t h e  main C 0 2  e m i s s i o n  t h r e a t  
a r i s e s  from s c e n a r i o s ,  l i k e  t h e  one  t h a t  can  b e  p r o j e c t e d  from 
t h e  r e c e n t  MIT World Coal  S t u d y , *  where a  t e n - f o l d  i n c r e a s e  i n  
wor ld  c o a l  t r a d e  is e n v i s a g e d .  The t r a d e  i n  c o a l  i s  a l s o  o f  
i n t e r e s t  i n  c o n n e c t i o n  w i t h  d i f f e r e n t  schemes o f  i n t e r n a t i o n a l  
c o o p e r a t i o n  t o  r e d u c e  o r  p r e v e n t  C 0 2  e m i s s i o n s .  The p o s s i b i l i t y  
f o r  t h e  l a r g e r  c o u n t r i e s  t o  l i m i t  s u p p l i e s  o f  c o a l  on t h e  w o r l d  
market  o r  t o  s p e c i f i c  c o u n t r i e s  c a n  q i v e  " t e e t h "  t o  a t t e m p t s  a t  
e n f o r c i n g  i n t e r n a t i o n a l  c o o p e r a t i o n .  F i n a l l y ,  s t u d y  o f  i n t e r -  
n a t i o n a l  t r a d e  i n  c o a l  is  i m p o r t a n t  f o r  d i s c u s s i n g  whe the r  c o a l  
p r i c e s  w i l l  b e  ca r t e l i s t i c  and t h u s  h i g h ,  d i s c o u r a g i n g  t h e  u s e  
*World Coal  S tudy  Group. 1 9 8 0 .  Coal--Bridge t o  t h e  F u t u r e .  
B a l l i n g e r .  
o f  c o a l ,  o r  more formed by c o m p e t i t i o n  and t h u s  c o s t - b z s e d ,  
p o s s i b l y  l e a d i n g  t o  a  r a p i d  i n c r e a s e  i n  combust ion .  W e  w i l l  
a t t e m p t  t o  c a p t u r e  t h e  e s s e n t i a l  a s p e c t s  o f  a  wor ld  c o a l  market  
a s  it r e l a t e s  t o  t h e  CO problem, w h i l e  a v o i d i n g  t h e  c o n s i d e r a b l e  f c o m p l e x i t i e s  of  a  d e t a i  ed  market  s i m u l a t i o n .  
Why Many C o u n t r i e s ?  
The computer game w i l l  t r y  t o  r e p r e s e n t  a  wor ld  where many 
c o u n t r i e s ,  a c t i n g  i n d e p e n d e n t l y ,  a f f e c t  t h e  problem. The f i r s t  
r e a s o n  f o r  t h i s  i s  t h a t  a  major  p o r t i o n  of  ene rgy  consumption 
w i l l  be t a k i n g  p l a c e  o u t s i d e  o f  t h e  t h r e e  b i g  c o u n t r i e s  i n  a  
g r e a t  many s m a l l e r  c o u n t r i e s ,  which can  a c t  i n d e p e n d e n t l y  and u s e  
t h i s  independence t o  t h e i r  own advan tage .  Secondly ,  even i f  t h e  
t h r e e  b i g  p l a y e r s  a c c o u n t  f o r  a round 80% o f  t o t a l  c o a l  r e s o u r c e s ,  
t h e  r e s o u r c e s  of  some s m a l l e r  h o l d e r s  a r e  l a r g e  from an a b s o l u t e  
p o i n t  o f  view. Around a  dozen c o u n t r i e s ,  i n c l u d i n g ,  f o r  example,  
Poland and t h e  FRG,  have p r o b a b l e  r e s o u r c e s  t h a t  a l o n e  c o u l d  l e a d  
t o  a  l e v e l  of  e m i s s i o n s  o f  t h e  same s i z e  a s  t o t a l  g l o b a l  e m i s s i o n s  
d u r i n g  t h e  whole of t h e  l a s t  decade .  U l t i m a t e l y  one  would prob- 
a b l y  wish  t o  i n c l u d e  a b o u t  twenty  c o u n t r i e s  of d i f f e r e n t  s i z e s  t o  
c a t c h  f u l l y  t h e  s t r a t e g i c  problem. I f  w e  l i m i t  o u r s e l v e s  t o  o n l y  
a  h a n d f u l  o f  a c t o r s  i n  a l l  phases  o f  development  o f  t h e  game, w e  
would e x c l u d e  c e r t a i n  p o s s i b l y  c r u c i a l  s c e n a r i o s  where i n t e r n a -  
t i o n a l  c o o p e r a t i o n  i s  impeded by t h e  a c t i o n s  o f  s e v e r a l  r e l a t i v e l y  
s m a l l  c o u n t r i e s .  I t  is  p o s s i b l e  t o  i n c l u d e  twenty  o r  more coun- 
t r ies  i n  t h e  game w i t h o u t  r e q u i r i n q  such a  l a r g e  number of  human 
p l a y e r s ,  a s  i s  e x p l a i n e d  l a t e r .  
STFUCTURE OF GAME DEVELOPMENT 
The r e s e a r c h  t o  m e e t  t h e  needs  and o b j e c t i v e s  d e s c r i b e d  
above can be d i v i d e d  i n t o  seven mutua l ly  s u p p o r t i v e  t a s k s .  
Task 1 :  Improvement o f  e s t i m a t e s  o f  ca rbon  w e a l t h  
I t  i s  o f t e n  mentioned t h a t  t h e r e  a r e  many t i m e s  t h e  amount 
o f  carbon n e c e s s a r y  t o  c r e a t e  a  C02 problem s t o r e d  i n  t h e  form 
o f  f o s s i l  f u e l s .  However, t h e  r e g l o n a l  and n a t i o n a l  o r i g i n  o f  
t h i s  and o t h e r  ca rbon  w e a l t h  i s  i m p o r t a n t .  By f o l l o w i n g  t h e  
f lows from ca rbon  mining,  through ca rbon  t r a d e ,  t o  carbon d i o x i d e  
e m i s s i o n s ,  one can  o b t a i n  an  i n i t i a l  p i c t u r e  o f  t h e  g e o p o l i t i c a l  
and economic s t r u c t u r e  o f  a  w o r l d  c h a r a c t e r i z e d  by a  s e r i o u s  C02 
problem. T h i s  may h e l p  narrow t h e  bounds o f  p l a u s i b l e  C02 i n j e c -  
t i o n s .  Choice among p o s s i b l e  p r e v e n t i v e ,  compensatory ,  and adap- 
t i v e  s t r a t e g i e s  w i l l  a l s o  be  c r u c i a l l y  a f f e c t e d  by t h e  d i s t r i b u t i o n  
of  carbon w e a l t h .  
P r e l i m i n a r y  a t t e m p t s  have been made a t  I I A S A  t o  g a t h e r  and 
a n a l y s e  d a t a  on ca rbon  w e a l t h  and u s e  t h i s  i n f o r m a t i o n  t o  e s t a b -  
l i s h  t h e  b road  s t r a t e g i c  b a s i s  o f  t h e  C02 i s s u e .  However, t h e  
s t r a t e g i c  a s p e c t s  can be  b e t t e r  unders tood o n l y  i f  more r e f i n e d  
e s t i m a t e s  a r e  made o f  t h e  p h y s i c a l  and economic geography of t h a t  
carbon which may be a v a i l a b l e  f o r  t r a n s f o r m a t i o n  t o  a t m o s p h e r i c  
c a r b o n  d i o x i d e .  I n f o r m a t i o n  on c a r b o n  f r a c t i o n s  i n  v a r i o u s  f u e l s  
h a s  been  a p p l i e d  b r o a d l y  b u t  s h o u l d  b e  e x p l o r e d  w i t h  r e f e r e n c e  t o  
more s p e c i f i c  a r e a s  and  t i m e  s c a l e s  t o  h e l p  i n  t h e  s e l e c t i o n  o f  
c o u n t r i e s  f o r  t h e  computer  game. Techn iques  a r e  a v a i l a b l e  t o  do 
t h i s  u s i n g  t h e  IIASA WELMM* d a t a  b a s e .  A d e t a i l e d  s t u d y  o f  t h e  
c a r b o n  w e a l t h  o f  c e r t a i n  key  c o u n t r i e s  migh t  b e  u n d e r t a k e n .  T h i s  
i n f o r m a t i o n  w i l l  n o t  o n l y  h e l p  i n  t h e  deve lopment  o f  t h e  compu te r  
game, b u t  a l s o  o f f e r  a  f i r s t  e s t i m a t e  o f  t h e  l ong- t e rm p o t e n t i a l  
a c c o u n t a b i l i t y  o f  a  c o u n t r y  f o r  a  C02 problem.  
Task 2: Data  c o l l e c t i o n  on  c o a l  e x t r a c t i o n  c o s t s * *  
Whi le  a  b r o a d  p i c t u r e  o f  t h e  c a r b o n  s i t u a t i o n  forms  t h e  
f o u n d a t i o n  f o r  c a r b o n - c l i m a t e  games,  it i s  n e c e s s a r y  t o  h a v e  
somewhat more d e t a i l e d  i n f o r m a t i o n  o n  c o a l  b e c a u s e  o f  t h e  long-  
t e r m  dominance o f  t h i s  fo rm o f  c a r b o n .  I n  p a r t i c u l a r ,  estimates 
o f  c o a l  e x t r a c t i o n  c o s t s  f o r  v a r i o u s  c o u n t r i e s  a r e  needed  i n  o r d e r  
t o  open  t h e  e s t i m a t i o n  o f  f u t u r e  s u p p l y  o f  c o a l  o n  t h e  i n t e r n a -  
t i o n a l  marke t  and  t h e  e n s u i n s  c o a l  t r a d e  and  consumpt ion  p a t t e r n .  
Data  migh t  b e  s o u g h t  f rom two s o u r c e s :  
1 )  The a v a i l a b l e  d a t a  b a s e  a t  IIASA on  c o a l  e x t r a c t i o n  c o s t s ,  
g a t h e r e d  by  t h e  WELm g r o u p  i n  c o n n e c t i o n  w i t h  I IASA1s 
Energy Sys t ems  Program. 
2 )  C o l l e c t i o n  o f  e x p e r t  " g u e s s t i m a t e s "  by compu te r  d i a l o g u e  
sys t em.  Some f o r e c a s t  n e e d s  a r e  more l ong - t e rm and more 
c o u n t r y  s p e c i f i c  t h a n  t h e  d a t a  a l r e a d y  g a t h e r e d  a t  IIASA. 
T h i s  new i n f o r m a t i o n  c a n  b e  c o l l e c t e d  f rom e x p e r t s  i n d e -  
p e n d e n t l y  ( p o s s i b l y  v i a  t e l e c o n f e r e n c i n g ) ,  b u t  a l s o  i n  
c o n n e c t i o n  w i t h  t h e  p l a y i n g  o f  games,  t h u s  e n s u r i n g  t h a t  
t h e  p a r t i c i p a n t s  i n  t h e  game r e g a r d  t h i s  i m p o r t a n t  a s p e c t  
o f  t h e  game a s  r e a l i s t i c .  
On t h e  b a s i s  o f  t h e s e  two t y p e s  o f  i n f o r m a t i o n ,  c o e f f i c i e n t s  
can  b e  c a l c u l a t e d  f o r  a  s i m p l e  model which would make i t  p o s s i b l e  
t o  produce  c o s t  t a b l e s  s u i t a b l e  f o r  gaming which  show f o r  d i f f e r -  
e n t  c o u n t r i e s  how c o a l  e x t r a c t i o n  c o s t s  f o r  v a r i o u s  y e a r s  change  
w i t h  p r o d u c t i o n  q u a n t i t i e s .  
Task 3 :  Develop p r o b a b i l i s t i c  model of e f f e c t s  
A s  p r e v i o u s l y  m e n t i o n e d ,  t h e r e  i s  g r e a t  u n c e r t a i n t y  o v e r  
what  economic and  e n v i r o n m e n t a l  e f f e c t s  w i l l  r e s u l t  f rom a  
g i v e n  l e v e l  o f  n e t  C 0 2  a c c u m u l a t i o n  and  accompanying c l i m a t i c  
c h a n g e s .  Moreover ,  e v e n  where  one  c a n  e x p e c t  e f f e c t s ,  f o r  example ,  
i n  f o r e s t r y  and  a g r i c u l t u r e ,  it i s  n o t  c l e a r  where  and  when t h e y  
w i l l  b e  b e n e f i c i a l  o r  h a r m f u l .  D e c i s i o n  makers  t a k i n g  t h i s  un- 
c e r t a i n t y  i n t o  a c c o u n t  may behave  q u i t e  d i f f e r e n t l y  i n  a  r e s o u r c e  
*Water ,  Energy ,  Land, M a t e r i a l s ,  and Manpower. 
**Th i s  q u e s t i o n  i s  d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  "An I n t e r -  
a c t i v e  Model f o r  De te rmin ing  Coal  C o s t s  f o r  a  C02-Game," (WP-80-154). 
allocation situation than decision makers acting on confieent 
expectations. It follows that the global C02 question is best 
approached by a method where decision makers are faced with un- 
certainties in outcomes similar to the uncertainties decision 
makers face in real world problems. In the literature reviewed 
to date C02 and climatic impacts are usually assembled in a 
rather incoherent listing; a gaming approach allows a more flex- 
ible and consistent presentation. 
This task thus involves a review of the growing literature 
of the relationship of C02 and climate to, for example, crops, 
forests, fisheries, and ecosystems. For the two games the cata- 
logue of effects derived from the review can be presented in dif- 
ferent ways. For example, in the interactive computer-based game, 
players would be presented with projections of consequences of 
some decisions that represent an appropriate degree of uncertainty. 
Actual consequences obtained in each run of the game would be con- 
sistent with a particular set of assumptions about the real world, 
a particular "state of nature." That state of nature will be re- 
vealed to the players at the rate that actual decision-makers 
would discover them: by observing outcomes of past actions. 
With several runs of the game, it might be possible to gain a 
sense of how players would act in each of several possible states 
of nature, with, for example, various climatic shifts or C02 
effects on crop production. 
Clearly, the development of a model incorporating probabil- 
istic estimates for a thorough catalogue of effects would be an 
extremely ambitious effort. Given the scale of the proposed 
research, it is appropriate for the model for this work to be 
simple in structure. However, even an extremely simple model 
of this sort should provide improvements in realism over the 
deterministic efforts on climatic change offered so far. 
Task 4: Development of the board qame 
The board game will be a game of the Monopoly type to be run 
completely by the players the~selves, something which necessitates 
a far simpler game than is possible with a game led by a game 
director. The design of the board game will utilize experience 
from similar educational games, so that auestions of importance 
are emphasized and the game is playable and has outcomes of a 
logical kind. Appropriate use of probabilistic features will be 
made. Also, a good deal of attention will go into the production 
and presentation of the game, so that the maximum feasible amount 
of information about the C02 issue is imparted through playinq. 
This requires attention to both verbal and visual conveyance of 
information. 
Much care has to be devoted to the construction of the qame 
so that it can be played in a time of about one hour. During 
that time, the qame should be stimulating, not only for good 
play at the moment, but also as an incentive for further exam- 
ination of the C02 problem. The construction of unambiguous and 
yet simple rules is another important part of this task. 
Task 5 :  Development o f  t h e  computer game 
Although t h e  computer game i s  of  a  more complex n a t u r e  t h a n  
t h e  board  game, it must s t i l l  have a  s imple  s t r u c t u r e  from t h e  
p o i n t  o f  view of  t h e  p l a y e r s .  I n  o r d e r  t o  have t h e  game played 
f r e q u e n t l y ,  p r e f e r a b l y  w i t h  pe r sons  engaged i n  energy  p o l i c y  ( s e e  
t a s k  7 ) ,  it must be  p l a y a b l e  i n  a  c o n v e n i e n t  amount o f  t i m e ,  f o r  
example, 3 h o u r s .  T h i s  a g a i n  r e q u i r e s  a  game t h a t  w i l l  be e a s y  
f o r  p l a y e r s  t o  l e a r n ,  u n d e r s t a n d ,  and p l a y .  
Allowing f o r  a b o u t  t e n  rounds i n  a  game, each  round must 
t h e r e f o r e  c a l l  f o r  o n l y  a  s m a l l  number o f  d e c i s i o n s  by each  
p l a y e r .  The a c t i o n s  o f  each  p l a y e r  a t  each  round o f  t h e  game 
w i l l  probab ly  i n c l u d e  a  c o a l  e x t r a c t i o n  d e c i s i o n ,  a  c o a l  t r a d e  
d e c i s i o n  ( s u p p l y  o r  demand),  a  d e c i s i o n  on t o t a l  amount of  ene rgy  
consumed ( imply ing  a  c e r t a i n  l e v e l  o f  C02 e m i s s i o n ) ,  and a  d e c i -  
s i o n  r e l a t i n g  t o  e m i s s i o n  c o n t r o l ,  p o s s i b l y  i n  t h e  form o f  i n t e r -  
n a t i o n a l  agreement .  A f t e r  market  c l e a r i n g  c a l c u l a t i o n s  a t  t h e  
end of  each  round,  p l a y e r s  would be  informed a b o u t  t h e  p r i c e  o f  
c o a l ,  t h e i r  s t a t u s  a s  r e g a r s s  c o a l  e x t r a c t i o n  and c o a l  t r a d e ,  
t h e i r  own C02 e m i s s i o n  i n  t h e  w o r l d ,  a s  w e l l  a s  t h e i r  p r e s e n t  
" w e l f a r e , "  measured i n  t h e  form o f  a n  index .  
With r e g a r d  t o  t h e  w e l f a r e  i n d e x ,  p l a y e r s  would b e  informed 
abou t  changes  due t o  i n d i v i d u a l  ene rgy  consumpt ion,  a s  w e l l  
a s  changes due t o  t o t a l  C02 i n  t h e  a tmosphere .  The w e i f a r e  i n d e x  
would be  c a l c u l a t e d  on t h e  b a s i s  of  t h e  p r o b a b i l i s t i c  model dev2l-  
oped i n  Task 3. A s  e x p l a i n e d  i n  t h a t  t a s k ,  t h e  model would be  
set  t o  r e p r e s e n t  a  p a r t i c u l a r  s t a t e  o f  n a t u r e  on any q i v e n  r u n ,  
though t h a t  s t a t e  would o n l y  be  r e v e a l e d  t o  t h e  p l a y e r s  th rough  
o b s e r v a t i o n s  o f  p a s t  outcomes. I n  t h e  e a r l y  s t a g e s  o f  t h e  game, 
w e l f a r e  would be  l a r g e l y  a  f u n c t i o n  o f  s i z e  o f  t h e  c o a l  combustion 
economy. I n  t h e  l a t e r  s t a g e s  o f  t h e  game, however,  e f f e c t s  o f  
g l o b a l  env i ronmenta l  change would b e g i n  s i g n i f i c a n t l y  t o  a f f e c t  
i n  v a r y i n g  ways t h e  w e l f a r e  of  i n d i v i d u a l  p l a y e r s ,  depending on 
t h e  accumulated l e v e l  of  a tmospher ic  C02.  
The c o n s t r u c t i o n  o f  t h e  c o ~ . p u t e r - b a s e d  game i s  e x p e c t e d  t o  
t a k e  p l a c e  i n  s e v e r a l  s t a g e s ,  o f  which t h e  most advanced may l i e  
beyond t h e  p r e s e n t  r e s e a r c h  p l a n  (see t a s k  7 ) .  F i r s t ,  a  p r i m a r i l y  
manual v e r s i o n  o f  t h e  game is  f o r e s e e n .  I n  t h i s  t h e r e  would o n l y  
be  human p l a y e r s  i n v o l v e d .  S i n c e  t h e  game h a s  t o  b e  a d m i n i s t r a -  
t i v e l y  s i m p l e  t o  be  r u n  i n ,  s a y ,  t h r e e  h o u r s ,  o n l y  a  l i m i t e d  
number of  human p l a y e r s  can  be used.  Thus, less t h a n  t e n  c o u n t r i e s  
c a n  be  s t u d i e d  i n  such a  manual game. 
Th i s  l i m i t a t i o n  c a u s e s  an  i m p o r t a n t  problem s i n c e ,  a s  n o t e d  
above,  w e  a r e  u l t i m a t e l y  i n t e r e s t e d  i n  s t u d y i n g  a  wor ld  w i t h  many 
more i n d e p e n d e n t l y  a c t i n g  c o u n t r i e s .  I t  is n o t  r e a s o n a b l e  t o  
r e s o l v e  t h i s  c o n f l i c t  between many c o u n t r i e s  and few p l a y e r s  w i t h  
a  game u s i n g  i n s t e a d  a  s m a l l  number o f  r e g i o n s ,  lumpin? i n t o  
r e g i o n s  a  g r e a t  many c o u n t r i e s  of  d i f f e r e n t  s i z e s  and c h a r a c t e r -  
i s t i c s .  Such a game would d e p r i v e  t h e  gaming e x e r c i s e  o f  one  o f  
i t s  most i m p o r t a n t  c a p a b i l i t i e s ,  namely t o  s t u d y  t h e  e f f e c t  o f  
p o l i c i e s  o f  f a i r l y  s m a l l ,  i n d e p e n d e n t l y  a c t i n g  c o u n t r i e s .  
A p r e l i m i n a r y  p l a n  f o r  t a k i n g  c a r e  of  t h i s  p r o b l e r  i s  t o  
d e s i g n  a  game which can  t a k e  advan tage  o f  t h e  c o m p u t e r ' s  c a p a c i t y  
t o  s i m u l a t e  a d d i t i o n a l  p l a y e r s .  T h i s  computer-based game might  
t h u s  have t h e  f o l l o w i n g  form. I t  would i n c l u d e  t h e  t h r e e  b i g  
c o u n t r i e s  (USSR, USA, China)  and f o u r  s m a l l e r  c o u n t r i e s  ( f o r  
example, ERG, Botswana, I n d i a ,  and I t a l y ) .  The r o l e s  o f  t h e s e  
seven c o u n t r i e s  would be p layed  by humans. Bes ides  t h i s ,  t h e  
p l a y i n g  of  some t e n  o r  more c o u n t r i e s  would be  s i m u l a t e d  by t h e  
computer.  These " r o b o t  p l a y e r s "  would a c t  p a r t l y  i n  t h e  way t h a t  
t h e  f o u r  s m a l l e r - c o u n t r y  human p l a y e r s  a c t e d  e a r l i e r  i n  t h i s  game 
o r  i n  p r e v i o u s  games. The i m p o r t a n t  t h i n g  i s  t h a t  t h e  a c t i o n  of  
each s m a l l  p l a y e r  w i l l ,  a t  t h e  moment, seem t o  him n o t  t o  b e  s i g -  
n i f i c a n t  t o  t h e  t o t a l  outcome. 
Task 6 :  Exner imenta t ion  w i t h  t h e  aames 
The p l a y i n g  o f  t h e  games would t a k e  p l a c e  b o t h  a t  IIASA and 
o u t s i d e  o f  IIASA. Exper imenta t ion  would t a k e  p l a c e  f i r s t  w i t h  
IIASA s c i e n t i s t s ,  and t h e n  w i t h  v i s i t o r s  and i n  c o n n e c t i o n  w i t h  
IIASA workshops on r e l a t e d  t o p i c s ,  such  a s  ene rgy  p o l i c y ,  env i ron-  
menta l  p r o t e c t i o n ,  and s o  f o r t h .  O u t s i d e  o f  IIASA, t h e  game would 
b e  p layed  w i t h  i n t e r e s t e d  nroups  o f  p e o p l e  from t h e  government ,  
i n d u s t r i a l ,  and academic communities o f  v a r i o u s  c o u n t r i e s ,  a s  
w e l l  a s  a t  c o n f e r e n c e s  which b r i n g  t o g e t h e r  r e l e v a n t  g roups .  I t  
shou ld  b e  no ted  w i t h  r e s p e c t  t o  t h i s  t a s k  t h a t  what p l a y e r s  l e a r n  
from p l a y i n g  t h e  games must be  c o n s i d e r e d  one of  t h e  most impor- 
t a n t  r e s u l t s  of  t h e  proposed p r o j e c t .  I t  i s  e x p e c t e d  t h a t  t h e  
games even a t  t h i s  s t a g e  w i l l  be u s e f u l  t o  p l a y e r s ,  f o r  example, 
by b e t t e r  e x p l a i n i n g  t h e  o v e r a l l  n a t u r e  of  t h e  q u e s t i o n  of  carbon 
d i o x i d e  and c l i m a t i c  change and by h e l p i n g  i d e n t i f y  r e s e a r c h  
p r i o r i t i e s .  
A f u l l  exper iment  i n v o l v i n g  a  c o u p l e  o f  p l a y s  o f  t h e  board  
game and one  run  of  t h e  computer  game mixed w i t h  d i s c u s s i o n s  
a b o u t  t h e  C 0 2  problem and t h e  gaming approach i s  e x p e c t e d  t o  
l a s t  one  o r  one and h a l f  days .  I t  s h o u l d  a l s o  be  p o s s i b l e  t o  
a r r a n g e  f o r  s h o r t e r  s i m p l e  e x p e r i m e n t s ,  f o r  example, a  s i n g l e  
even ing  s e s s i o n  w i t h  t h e  comyuter game. 
Task 7 :  E v a l u a t i o n  and f u r t h e r  gaming 
~ n a l y s i s  of  t h e  games i s  n e c e s s a r y  d u r i n g  and e s p e c i a l l y  
f o l l o w i n g  t h e  i n i t i a l  exper iments .  The exper iments  w i l l  b e  
e v a l u a t e d  from s e v e r a l  p o i n t s  o f  view: what h a s  been l e a r n e d  
a b o u t  t h e  q u e s t i o n  o f  ca rbon  d i o x i d e  and c l i m a t e ,  how t h e  c u r r e n t  
games can  be improved, and what t h e  p r o s p e c t s  a r e  i n  g e n e r a l  
f o r  f u r t h e r  gaming approaches  t o  t h e  ca rbon  d i o x i d e  and s i m i l a r  
q u e s t i o n s .  There  a r e  s e v e r a l  ways i n  which one might  want t o  
d e v e l o p  t h e  games f u r t h e r .  S i n c e  t h e  C 0 2  problem does  n o t  o n l y  
r e f e r  t o  c o a l  b u t  a l s o  o t h e r  f o s s i l  f u e l s  such  a s  o i l ,  g a s ,  and 
woo(1, a s  w e l l  a s  t o  ca rbon  r e l e a s e d  from s o i l  o r  biomass f o r  
non-energy p u r p o s e s ,  one might  want i n  l a t e r  phases  of  game 
development t o  d e p i c t ,  f o r  example, independen t  d e c i s i o n s  re- 
g a r d i n g  non-coal  f o s s i l  f u e l s .  A l t e r n a t i v e l y ,  one might  i n c l u d e  
a c t i v i t i e s  f o r  r e d u c t i o n  o f  e m i s s i o n  l e v e l s  more e x p l i c i t l y .  
The process  of making t h e  game more complex should ,  however, 
proceed c a u t i o u s l y ,  because t h e  value of gaming d imin ishes  a s  
it becomes unwieldy wi th  r e s p e c t  t o  p lay ing  t ime.  
CONCLUDING COMMENTS 
The proposed r e sea rch  has  s e v e r a l  i n t e r e s t i n g  a s p e c t s  which 
bea r  p o i n t i n g  o u t  i n  c l o s i n g .  The r e sea rch  r e p r e s e n t s  a c r e a t i v e  
approach t o  an impor tan t  and i n t r i g u i n g  problem. While e s s e n t i a l l y  
exp lo ra to ry  i n  n a t u r e ,  t h e  p r o j e c t  i s  designed t o  y i e l d  conc re t e  
and u s e f u l  r e s u l t s .  The board game e f f o r t  i s  n o t a b l e  f o r  making 
t h e  o b j e c t  of t h e  r e s e a r c h  i t s e l f  an e f f e c t i v e  ins t rument  f o r  
d i ssemina t ion  of r e s u l t s .  The computer game e f f o r t  add res se s  t h e  
c l a s s i c  problem of  i n v e s t i g a t i n g  a phenomenon under extreme un- 
c e r t a i n t y .  More t r a d i t i o n a l  r e sea rch  t y p i c a l l y  t a k e s  one of  two 
approaches t o  t h e  problem: developing s c e n a r i o s  o r  developing 
p r o b a b i l i s t i c  models. The proposed r e sea rch  combines t h o s e  two 
approaches i n  t h e  computer game, us ing  each t o  i t s  b e s t  advantage.  
Each run of  t h e  game g e n e r a t e s  a s c e n a r i o ,  a p a r t i c u l a r  i n t e r -  
a c t i o n  of a s e t  of d e c i s i o n  makers who a r e  observ ing  t h e  r e s u l t s  
of  a p r o b a b i l i s t i c  model which i s  s e t  t o  r e p r e s e n t  a p a r t i c u l a r  
s t a t e  of n a t u r e .  The p r o b a b i l i s t i c  model i s  used t o  r e p r e s e n t  
t h e  u n c e r t a i n  e f f e c t s  of  C02 emiss ions  on t h e  w e l f a r e  of t h e  
d e c i s i o n  makers, whi le  t h e  s c e n a r i o  approach i s  used t o  r e p r e s e n t  
i n t e r a c t i o n s  of  d e c i s i o n  makers, a process  n o t  amenable t o  prob- 
a b i l i s t i c  modeling. I n  combining t h e s e  approaches i n  t h i s  way, 
t h e  proposed r e sea rch  r e p r e s e n t s  a promising avenue f o r  i n v e s t i -  
g a t i n g  a complex and important  problem. 
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